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Working Group II - Cirrus Cloud Systems
1997 Report

1. Ongoing Activities

The first GCSS Working Group II (WG2) Cirrus Cloud Modeling Workshop was held on

2-4 June 1997.  This workshop served to establish WG2 as a functioning entity, and to

define its objectives, approaches, protocols and specific activities.  The present focus of

this working group is to conduct a systematic comparison of a full range of cirrus cloud

models for a set of well-designed idealized test cases and carefully selected observed cases.

The participating models include detailed microphysical-development models, 2-D and 3-D

dynamical cloud-resolving models (CRMs) with varying degrees of microphysical and

radiative sophistication, regional simulation models, and GCM single-column models.  The

WG2 homepage (http://eos913c.gsfc.nasa.gov/gcss_wg2/) continues to develop as an

important mechanism for exchange of information and conduct of the group activities.

Funding difficulties in both Europe and the United States for cirrus-related research,

especially modeling, and the smallness of the cirrus modeling community with a significant

fraction at an early stage of their careers, were seen as the greatest challenges to the success

of this group.  A second WG2 workshop is tentatively planned for spring 1998.  WG2 will

participate in the planned joint WGNE-GCSS Workshop next fall at ECMWF with the

possibility of a WG2 meeting during that time.

Background

WG2 is working toward the GCSS central goal of developing better parameterizations of

cloud systems within global climate and weather prediction models, specifically by

achieving improved understanding of the coupled physical processes acting to determine

the occurrence, properties and effects of cloud systems.  WG2 is making a concerted effort

at comparison and evaluation of cloud resolving models (CRMs) of cirrus cloud systems in

conjunction with corresponding analyses of appropriate observations following the general

approach adopted by GCSS.  Regional mesoscale models including rather sophisticated

treatment of cirrus cloud physics are now available as are a number of 3-dimensional large-

eddy simulation (LES) models capable of simulating cirrus cloud systems at high spatial

resolution.  In the case of cirrus clouds, however, the significant uncertainties in the role of

various cloud physical processes dictates a broad approach.  Microphysical development is

a key issue.  Thus, detailed 1-dimensional and parcel models of cloud microphysical
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development are included in WG2.  Given the wide range of environmental conditions

associated with cirrus cloud systems and the limited resources to cover this range using

computationally intensive CRMs, significant utility remains in the 2-dimensional modeling

approach.  These will play a key role in WG2 model comparison activities.  WG2 seeks

greater participation of GCM and NWP researchers, especially those with single column

modeling (SCM) capability.  It is essential that the model comparison and evaluation

activities fully engage this community to maximize progress toward the objectives and

goals of GCSS.  Preliminary results from the first WG2 Cirrus Modeling Workshop

illustrated both the challenges of conducting comparisons between CRMs and GCMs,

especially as regards specification of appropriate environmental forcing, as well as the

potential value in such an activity.

Observations are a key ingredient of GCSS.  Observations guide model development and

provide the best measure of the realism and utility of model results.  WG2 includes a strong

contingent of scientists who bring significant resources in terms of data, analysis

capabilities, and understanding.  WG2 plans to take strong advantage of the available

expertise, data and analyses in its endeavors, including specifically the output of the FIRE

Cirrus observational program in the United States and the EUCREX program in Europe.

The data sets that have been obtained and the analysis that has been (and can be) done

represent an invaluable resource.  In particular, data obtained by FIRE Cirrus-II experiment

in 1991 are highly suited for CRM intercomparisons.  Data sets obtained during the various

EUCREX missions will also play a key role in WG2.  In additional, data obtained during

the recent SUCCESS (Subsonic Aircraft: Contrail and Cirrus Effects Special Study)

experiment and similar European missions focused on contrails provide essential

information on the role of aerosols in determining cirrus microphysical development.

Future field experiments that are presently being considered are a tropical cirrus mission

(CRYSTAL) in 2000 or 2001 as a follow-on to FIRE.  The outlook for future EUCREX

activities is unknown.  Other missions that may provide useful observations include the

NASA TRMM validation experiment near Kwajalein in 1999, missions on stratosphere-

troposphere exchange in the tropics in 1998 and again in 2000-2001, and an as yet

undefined follow-on to the SUCCESS mission.  There will likely be continuing European

contrail missions in the near term.  A significant factor of uncertainty in the plans for

tropical cirrus missions is the availability of the NCAR WB-57, or comparable, high-

altitude aircraft for in-situ sampling.  Other opportunities to collect suitable cirrus data sets

should be exploited to the extent possible.
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The Atmospheric Radiation Measurement (ARM) program of the U.S. Department of

Energy is accumulating a significant volume of high quality cirrus measurements that will

be of great utility, including episodic intensive observing periods, and focused efforts to

support SCM comparisons.  These data sets, that include extensive surface-based active

(lidar and radar) and passive remote sensing observations as well as in-situ observations

during IOPs, will be very important for achieving the objectives of GCSS and WG2 in

particular.

Key Scientific Issues

Cloud Ice Water Content

Knowledge of the distribution of cloud ice water content (IWC) is the key requirement for

characterizing cirrus cloud systems and their role in the climate system.  The distribution of

IWC is the primary descriptor of cirrus cloud systems, strongly regulates the cloud system

radiative effects, and is inherently tied to the upper tropospheric water budget.  At present,

adequate means to accurately determine such distributions from space do not exist, even in

gross terms of vertically integrated ice water path (IWP).  Development of such a capability

is a key observational requirement for the advancement and validation of cirrus cloud

system models (CRMs) and climate models (GCMs).

Techniques for determining IWC from surface-based observation (millimeter radar) have

been developed but are still being evaluated and refined.  The issue here is the sensitivity of

the retrieved ice water content to the assumed or estimated particle habit distribution and the

lack of sensitivity in the case of cirrus containing appreciable amounts of small ice crystals.

Sensor attenuation is another difficulty.  There have been significant advances in airborne

in-situ instrumentation including particle impactors/replicators (and the data processing

thereof), holographic particle imaging, and counter-flow virtual impactors (CVI).  The

latter are capable of determining cloud ice water content contained in particles larger than

some selected threshold size.  These advancements in in-situ instrumentation are essential

for the development of radar-based methods.  In turn, the radar-based methods provide a

highly suitable means to obtain the data sets required for development and validation of

space-based techniques.  Results of comparisons between the in-situ instruments deployed

during SUCCESS have been very encouraging and indicates the utility of using in-situ

measurements for model validation and remote sensing developments.
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Role of Atmospheric Aerosols

Ambient aerosol populations may play an important role in determining cirrus cloud

properties, especially for the extensive, weakly-forced, optically-thin, cirrus clouds that are

ubiquitous in the tropics and common in middle latitudes.  Assessment of the importance of

these processes requires adequate characterizations of the ambient aerosol and ice crystal

populations.  Recent advances in instrumentation have enabled collection of relevant data

sets that allow for the first time a useful, if still incomplete, characterization.  In particular,

improved characterization of the population of small ice crystals and significant sampling of

the aerosol populations has been achieved.  Such data are available from the recent

European missions focused on contrails as well as the SUCCESS mission in 1996.

Analysis of these data is progressing well and the results will be quite timely for WG2.

A key issue here is determining the activity spectrum of the aerosol population.  Results

from SUCCESS indicates some progress in using in-situ observations toward this end.

Laboratory results have also provided very useful information and should be continued.  It

is also noteworthy that there have been recent theoretical advances in explaining the nature

of crystal habit development in cirrus.  These results await further exploitation.

Determination of the effects of ambient aerosol population on cirrus clouds requires

observations and models capable of resolving the local motions that actually govern the

operating nucleation and growth scenarios.  Such motions include gravity waves, small-

scale convection, 2-dimensional turbulence and other mesoscale circulations.  As such,

adequate characterization of the motion and turbulence fields in cirrus and comparison to

model simulations must be a key aspect of WG2 activities.  Suitable observation were

obtained by EUCREX and during FIRE Cirrus-II.  Analysis of these data is on-going.

Role of Radiative Process

Much progress has been made as a result of EUCREX and FIRE in defining relationships

between cirrus cloud microphysical properties and cloud radiative properties.  Knowledge

of particle habit and size distribution and their effects on the radiative fields has advanced

markedly.  This has led to substantial improvements in surface-based, airborne, satellite-

based remote sensing of cirrus clouds.  Significant issues remain, however, such as the

possibility of enhanced cloud absorption of solar radiation.  Studies to-date indicate a very
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significant role of radiative process in affecting dynamical and thus microphysical

development in cirrus.  Thus, another key aspect of cirrus model comparisons within WG2

will be to examine the impact of different treatments of cloud radiative processes on cirrus

cloud simulations.

GCM Simulations of Cirrus Cloud Systems

In addition to the above foci on fundamental cloud physical processes, the question of how

adequate are GCM simulations of cirrus cloud systems must be addressed.  In the context

of these large-scale models, issues involving the upper tropospheric water budget and

dynamical processes are crucial.  Transports of water vapor to the upper troposphere

largely determine the subsequent formation of cirrus clouds.  It is unknown whether such

transports are realistically simulated in GCMs or even if mesoscale processes are highly

involved in such processes.  Detailed case study comparisons of mesoscale CRM

simulations and GCM simulations in conjunction with appropriate analyses may help

resolve this issue.  Also of central importance is the role of unresolved small vertical

motions in the cloud environment and within the cloud in determining properties of cirrus

cloud systems.  By affecting the actual microphysical composition and, maybe more

importantly, the spatial distribution of cloud properties, such motions play a significant role

in determining the dehydration of the upper troposphere through the ice particle fallout

process that is so prevalent in cirrus clouds.  Quantification of these effects can be

accomplished through CRM simulations in comparison to GCM simulations, possibly

suggesting approaches for adequate parameterization of these effects in GCMs.  In essence,

an approach is needed whereby the various components operating in GCM simulations of

cirrus cloud systems are addressed in a systematic manner enabling identification of the

specific weaknesses and strengths of the models so that remedies can be pursued.

Climatological data sets derived from remote sensing observations from satellites, such as

cloudiness from ISCCP and upper tropospheric humidity from TOVS, and more recently

from ground-based active sensors, such as lidar and millimeter wavelength radar, provide

an extremely important quantitative basis for evaluating GCM performance in terms of

cloud cover, frequency of occurrence, vertical location and depth, and cloud vertical

structure, as well as upper tropospheric humidity (UTH).  Preliminary comparisons

indicate significant deficiencies in GCM simulations as regards cirrus cloudiness and UTH.

It is likely that these factors are highly related and provide a strong motivation for the WG2

activities described here.  The cause of these deficiencies may reside in the treatment of



6

cloud physical processes, the account of dynamical processes on unresolved scales from

individual cloud elements to mesoscale circulations, and/or even the treatment of transports

by the resolved flow.  Separation of such processes can be achieved in the analysis of

model simulations while it is quite difficult from an observational perspective.  This is an

area where WG2 can make an important contribution.

Three threads should be gleaned from the above discussions:

• Observations of cloud ice water distributions on the scale of cirrus cloud systems are a

key requirement for system-scale model validation.  These are presently unavailable.

• Dynamical processes represent a key connection between other physical cloud processes

and are intimately involved in scaling issues that are maybe the most fundamental and

intractable difficulty in adequately representing cloud systems in large-scale models.

• Observations are absolutely crucial in supporting efforts to improve present capabilities to

simulate cloud systems and more generally, weather and global climate.

Report on Williamsburg Workshop

The first GCSS WG2 Workshop on Cirrus Cloud Modeling was held on 2-4 June 1997 in

Williamsburg, Virginia.  There were more than 25 participants including researchers from

the United Kingdom, Germany, Canada, Sweden and the United States.  Results from a

Russian investigator were also presented.  Support was provided by the WMO and

NASA's Radiation Sciences Program headed by Dr. Robert Curran.  The agenda and list of

participants may be obtained from the GCSS WG2 homepage.

The workshop provided an opportunity for detailed presentations by the participating

modelers on the design and performance of their cirrus models.  A broad spectrum of

models were represented in the workshop ranging from detailed microphysical-

development models, to 2-D and 3-D dynamical cloud-resolving models (CRMs) with

varying degrees of microphysical and radiative sophistication, to regional simulation

models, and to GCM single-column models.

Results were presented for a series of permutations of a pre-defined idealized comparison

test case.  Preliminary results were compared for a parcel model and a 2-D model with
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explicit microphysics, 2-D and 3-D models with bulk microphysics, and two GCM single

column models.  Discussions served to define the future activities along the idealized test

case path, including expansion to a cold cirrus case and definition of the set of required

simulations within the full permutation matrix.  An appropriate set of "standard" model

output parameters and protocols was developed to facilitate the comparisons.

In addition, the comparisons revealed that the treatment of the ice water mass flux was

potentially a key factor influencing differences in the model results.  Dr. Phil Brown,

UKMO, was tasked to undertake a survey of all participating models to assess and compare

the means used to treat ice crystal fall speeds in the models.  This is on-going.

The group also resolved to move toward simulations of observed warm and cold cirrus

cases in parallel to the idealized test case activity.  The selected cases corresponded to a case

observed during EUCREX to the east of northern Scotland (the 24 September 1993

"warm" cirrus case) and a case observed at the ARM CART site in Oklahoma (the 19 April

1994 "cold" cirrus case).  These single cirrus cloud layer cases were viewed as reasonably

similar observational counterparts to the idealized test cases.  The initial focus on fairly

simple observed cases, and the continued pursuit of the idealized test case sequences, were

felt to be the most profitable course of action at this time.  The most significant difficulty

with the observed cases appears to be adequate definition of the large-scale environment,

including moisture and advection, and vertical motion forcing.

It was agreed that after these activities, a more complex and challenging case should be

selected, such as the 26 November 1991 case observed during FIRE Cirrus-II where

definition of the regional environment will benefit markedly from the enhanced

observations at that scale.  This proposed observational test case will promote and benefit

from the participation of the broadest community, both in terms of models (scales) and

observational guidance.  This activity should commence early in 1998.

Cirrus clouds generated by precipitating deep convection and cirrus clouds associated with

well-developed precipitating extratropical cyclones will be the subject of future WG2

activities, most likely in coordination with activities of GCSS WG3 and WG4.  Joint

workshops were envisioned after the present stage of WG2 is completed, estimated at

roughly 18 months.  Preliminary contacts with WG4 concerning design of a cirrus anvil

test case will be accomplished over the next 12 months.  Other possible topics include

contrails and high level lenticular clouds. The workshop concluded with consideration of



8

observational requirements and definition of future WG2 activities, including the

designation of volunteers to lead these activities forward.

In conclusion, the workshop participants felt the WG2 activity was appropriate and useful

with significant potential to help them in their work.  The workshop was definitely

educational.  A second WG2 workshop is tentatively planned for spring 1998.  Possible

hosts include UKMO and/or ECMWF in England, or GKSS in Germany.

2. New Results

Models

There has been significant recent progress in modeling cirrus clouds.  A number of 3-D

models (LES and CRM) now incorporate rather sophisticated microphysical and radiative

treatments of cirrus.  Some models include explicit treatment of particle size distribution as

well as ice initiation processes (aerosols).  There also continues to be strong 2-dimensional

cirrus modeling efforts.  Recent work shows a strong concern with ice initiation processes

and their effects on cirrus.  Comparison to observations is a strong element of recently

published modeling studies, though deficiencies in the available observations continues to

be a significant problem.  Simulations have compared very favorably with observations of

orographic lenticular cirrus clouds.

Recent new modeling results of some importance include:

1) A recently published study found that ice-saturated "equilibrium" conditions are not

achieved in many cirrus clouds, especially at cold temperatures where

supersaturations of 10% may be maintained within the cloud due to the inefficiency

(slowness) of the diffusional growth mechanism at these low vapor pressures.  This

has significant implications for the role of aerosols.

2) A new theory has been published that details the diffusional growth mechanism of

individual cirrus ice crystals as regards habit.

Observations
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Lidar and millimeter-radar observations of cirrus clouds are providing an invaluable

resource.  Besides supporting CRM studies focused on individual observed cases, analysis

of extensive long-term data sets are beginning to provide climatological information that is

directly applicable for validation of GCMs.

Analyses of the extensive microphysical, aerosol and humidity observations obtained

during the 1996 SUCCESS mission promise to provide the best picture yet of the

relationship between aerosol population and cirrus cloud composition.  While the analyses

are at an early stage, the initial comparisons are already reveal some significant issues,

including the lack of correspondence between the numbers of ice crystals and the numbers

of contained nuclei.  Of particular importance are the results of detailed comparisons

between the various microphysical sensors where good agreement was generally found in

terms of IWC.  This was not expected.

Analysis of fine-scale observations of dynamical processes in cirrus also appears to be

making a dramatic surge forward as new analysis techniques are applied, especially wavelet

analysis, to high resolution measurements.  The results show much promise for validation

of CRMs in these regards, something that has not been satisfactorily done to this point.

3. Observational Requirements for Future Field Experiments

Details of an observational "blueprint" are presently under development.  This issue will be

addressed more fully during the next WG2 Workshop in 1998.  Members of GCSS WG2

are presently involved in the planning of various cirrus field missions.

The priorities for future field experiments are fairly well-defined.  The highest priority is

for an experiment on tropical cirrus generated by deep convective systems.  While CPEX

produced some very useful data sets on tropical cirrus anvil properties and TOGA-COARE

produced useful characterizations of tropical deep convective systems, there is a strong

need to have a data set that enables the relationship between the generating deep convection

and the evolving cirrus system to be quantified.  To be of most utility, measurements of

convective mass and moisture flux must be acquired in conjunction with extensive

measurements of anvil evolution.  This is the connection where GCM modelers have

almost no observational guidance and yet controls the upper tropospheric water budget in

their models to a strong degree.  Planning for such an experiment in underway by a number

of groups.
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There is also a continuing need for better measurements related to aerosol influence on

cloud microphysical properties.  There is continuing instrument development and the

results of present comparative analyses will likely suggest important new measurement to

test the developing theories and capabilities.  Similarly, remote sensing concerns will

continue to drive focused experiments on retrieval of cirrus cloud properties.

4. Action Plan for 1997 and 1998

A second GCSS WG2 will be held in 1998.  Present plans are for the workshop to be held

in the United Kingdom in the spring. The focus of this workshop will as follows:

a) formal comparison of the idealized test case simulations

b) preliminary comparison of the selected observed simple test cases

c) development of the observational blueprint

d) initiation of a complex test case activity

e) initiation of an anvils cirrus test case (in conjunction with WG4)

WG2 will also particpate in the joint GCSS-WGNE Workshop that is planned for ECMWF

in the fall 1998.  WG2 will seek to take advantage of this meeting to meet and review its

progress.

The idealized test cases involve a set of permutations of two simple cases - a warm cirrus

case (-40°C) and a cold cirrus case (-60°).  The permutations involve:

• no radiation versus infrared radiation versus infrared and solar radiation

• convective versus stable environment

• unsheared versus vertical wind shear

• continuous constant vertical forcing versus forcing followed by dissipation

Three simulations are required for both the warm and cold cirrus cases while an additional

3 are highly recommended for each, i.e., a significant reduction to 5 of the 24 possible

cases for each case.  Protocols for the comparison have been developed and will soon be

available from the WG2 homepage.

Cases presently being considered for the simple observational test cases include a case

observed during EUCREX to the east of northern Scotland (the 24 September 1993
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"warm" cirrus case) and a case observed at the ARM CART site in Oklahoma (the 19 April

1994 "cold" cirrus case).  These single cirrus cloud layer cases are reasonably similar

observational counterparts to the idealized test cases.  Papers focused on each of these

cases will soon be available from the WG2 homepage, including results of a 3-dimensional

CRM simulation of the EUCREX case as well as extensive analyses of the observations.

The more complex and challenging case that is being considered is the 26 November 1991

case observed during FIRE Cirrus-II where definition of the regional environment benefits

markedly from the enhanced observations at that scale.  This proposed observational test

case will promote and benefit from the participation of the broadest community, both in

terms of models (scales) and observational guidance.

Preliminary contacts will be made with WG4 concerning design of a cirrus anvil test case.

The activity is regarded as high priority by many of the WG2 participants.  While it is

premature to fully couple these working groups, the outlook is for a joint workshop (and

model comparison) in the 1999 time frame.  Joint activities with GCSS WG3 concerning

cirrus clouds associated with well-developed precipitating extratropical cyclones are also

envisioned.

A observational "blueprint" will be developed drawing upon the results and discussions at

the workshops as well as the output of the WMO workshop on cloud measurements and

various experiment plans.  Members of GCSS WG2 are involved in the planning of

various cirrus field missions.


